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DOWNHOLE ELECTRICAL SUBMERSIBLE 
PUMP WITH DYNAMICALLY STABLE 

BEARING SYSTEM 

TECHNICAL FIELD 

This invention relates in general to submersible pump 
motors and in particular to the incorporation of bearings that 
provide increased stability. The bearings support the shaft in 
the motor. 

BACKGROUND OF THE INVENTION 

A submersible pump is a centrifugal pump having a 
submersible motor that rotates a shaft to drive a pump. The 
submersible pump is for producing high volumes of oil and 
Water. Atypical submersible pump motor may be from 6—60 
feet in length and be rated at several hundred horsepoWer. 
Each motor has a stator secured Within a tubular housing. A 
rotor secured to the shaft rotates Within a stator. 

Because of the long length of the motor, the rotor is made 
up of a number of rotor sections. Each rotor section com 
prises a large number of ?at disks called laminations that are 
secured by copper rods. The rotor sections are spaced apart 
from each other. Abearing assembly is located betWeen each 
section for maintaining the shaft in axial alignment. The 
rotor sections are keyed to the shaft for rotation thereWith, 
but are axially movable With respect to the shaft. 

Traditionally, the bearing assemblies used in motors, seal 
sections and pumps of electrical submersible pumps (ESPs) 
are plain sleeve bearings, Which provide radial support. 
These plain sleeve bearings are not heavily loaded since a 
large number of bearings are typically used and the ESP 
units are run in a near vertical orientation. The absence of a 
substantial load results in an unstable or marginally stable 
bearing operation that can result in metal-to-metal contact in 
the bearings, Which accelerates bearing failure. Presently, 
motors using plain sleeve bearings typically have a 50% 
success rate for passing a vibration test in a test Well. 
Therefore, a need exists for a bearing type that increases the 
dynamic stability of the bearings. 

SUMMARY OF THE INVENTION 

An electrical submersible pump assembly for use in a Well 
that has the folloWing elements: 1) an electrical motor 
having a lubricant-?lled housing, a rotor and a stator; 2) a 
centrifugal pump having a plurality of pump stages Within a 
housing; 3) a seal section connected betWeen the pump and 
the motor for sealing Well ?uid from the motor and for 
reducing a pressure differential betWeen the lubricant in the 
motor and the ?uid in the Wellbore; 4) a shaft extending 
through the motor, seal section and pump for driving the 
pump; and 5) a plurality of bearings in the motor, seal 
section and pump for stabiliZing the shaft, at least one of the 
bearings having bearing surfaces having a plurality of lobes, 
each of the lobes having a radius greater than a radius of the 
shaft. 

In this invention, a more stable bearing con?guration is 
used that replaces plain sleeve bearings in ESP units. The 
preferred bearing con?guration includes multi-lobed 
bearings, such as lemon bore, tri-lobe bearings, pocket 
bearings and tilting pad type bearings. It has been found that 
the use of increased dynamic stability bearings increases the 
passing rate for vibration tests of submersible pump motors 
such that vibration test rejections typically occur only from 
manufacturing defects. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side vieW of an electrical submersible pump 
assembly in a Well. 
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FIG. 1a is an enlarged cross-sectional vieW of a typical 

prior art multistage pump for use With the ESP of FIG. 1. 
FIG. 2 is a cross-sectional vieW of a typical prior art 

doWnhole motor for use With the ESP of FIG. 1. 

FIG. 3 is an enlarged vieW of one of the radial thrust 
bearings shoWn in the doWnhole motor of FIG. 1. 

FIG. 4 is a schematic cross-sectional vieW of a plain 
sleeve bearing shoWn undergoing a vertical load transverse 
to a horiZontal shaft. 

FIG. 5 is a cross-sectional vieW of a multi-lobed bearing 
for use With the motor of FIG. 1. 

FIG. 6 is a cross-sectional vieW of a tilted pad bearing for 
use With the motor of FIG. 1. 

FIG. 7 is a cross-sectional vieW of a doWnhole motor for 
use With the ESP of FIG. 1, hating bearings constructed in 
accordance With the invention. 

REST MODE FOR CARRYING OUT THE 
INVENTION 

Referring noW to FIG. 1, Well casing 11 is located Within 
a Well in earth formation 13 and also passes through a 
producing Zone 15. Perforations 17 formed in the Well 
casing 11 enable the ?uid in the producing Zone 15 to enter 
the casing 11. 
The submersible pump assembly includes an electrical 

motor 19 that is located in the Well. The shaft of motor 19 
extends through a seal section 21 and is connected to a 
centrifugal pump 23. Pump 23 is connected to tubing 25 for 
conveying Well ?uid 27 to a storage tank 29 at the surface. 
The casing 11 Will contain an of Wellbore ?uid 30 operating 
?uid level 31 in the annulus of the casing 11. The pump 23 
must be capable of delivering ?uid 30 for the distance from 
level 31 to the surface tank 29. Preferably, pump 23 is a 
centrifugal pump comprised of a plurality of pump stages 24 
(FIG. 1a) Within a housing 33. 

Referring noW to FIGS. 2 and 3, a prior art submersible 
pump motor 19 is shoWn. Submersible pump motor 19 has 
a housing 33. Housing 33 is preferably ?lled With lubricant 
34. Astator 35 having a plurality of magnetic laminations 37 
is mounted Within housing 33. A shaft 39 extends Within 
stator 35 in motor 19. A rotor 41, having a plurality of 
spaced-apart rotor sections such as sections 43 and 45 (FIG. 
3) are mounted on shaft 39. The shaft 39 is maintained 
concentrically Within motor 19 by a plurality of bearings 47, 
48, and 49 that are positioned at selected locations over a 
length of shaft 39. Bearings 47 comprise a bushing or sleeve 
pressed into a cylindrical bore in a structural member of 
motor 19. Bearing 48 is an axial thrust bearing. Bearing 49 
is a typical motor bearing. 

Referring noW to FIG. 3, a typical motor-bearing assem 
bly 49 is shoWn. The motor-bearing assembly 49 has an 
outer diameter 51 and a sleeve 53 having an outer diameter 
55. The motor bearing assembly surrounds shaft 39 and 
frictionally engages an inner surface of stator 35. The motor 
bearing assembly 49 is located betWeen rotor section 43 and 
45, Which are mounted onto shaft 39. Referring noW to FIG. 
4, a plain sleeve bearing 57 is shoWn schematically With a 
shaft 59 oriented horiZontally. Plain sleeve bearing 57 is 
shoWn in typical use experiencing a vertical load W perpen 
dicular to shaft 59, Which causes shaft 59 to operate in an 
off-center position With respect to sleeve bearing 57. The 
resultant of pressure distribution 61 from vertical load W 
acts through the center 63 of shaft 59 and directly opposes 
horiZontal load W. 

HoWever, When used in submersible pump motors such as 
submersible pump motor 19 (FIGS. 1 and 2), plain sleeve 
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bearing 57 is operated in a vertical position. Therefore, 
vertical load W perpendicular to shaft 59 does not exist. 
During vertical use, shaft 59 may be pushed off-center, 
Which Will result in a pressure distribution, such as illus 
trated as pressure distribution 61 in FIG. 4. Pressure distri 
bution 61 does not act through center 63 of shaft 59, but is 
offset. The offset pressure results in the shaft being pushed 
off-center Where the process repeats. The result is that shaft 
center 63 moves in a circular orbit. The siZe of the circular 
orbit depends on the speed of the shaft, as Well as the 
viscosity of the lubricant Within bearing 57. 

In the preferred embodiment as shoWn in FIG. 7, all of the 
motor-bearing assemblies 49 (FIGS. 2 and 3) utiliZe a 
multi-lobed bearing rather than plain sleeve bearings. Refer 
ring noW to FIGS. 5 and 7, a preferred multi-lobed bearing 
is tri-lobed bearing 65, Which may be used for bearings 47, 
49 (FIG. 2). Tri-lobed bearing 65 is comprised of lobe 65a, 
lobe 65b, and lobe 65c. Lobes 65a, 65b and 65c are provided 
With identical curved arcuate surfaces, each With a radius R. 
The midpoint of each lobe 65a, 65b, 65c circumscribe a 
circle Which closely receives shaft 67. The radius of shaft 67 
is less than each radius R. Shaft 67 has a shaft center 69. The 
tri-lobed bearing 65 generates a pressure ?eld on all three 
lobes, i.e., lobe 65a, lobe 65b and lobe 65c, because the 
center of each lobe about radius R is not the same as the shaft 
center 69. For example, it can be seen in FIG. 5 that lobe 
center 71 of lobe 65a is in a different location than shaft 
center 69. The result of the three pressure ?elds acting on the 
three lobes is a stable operation of the shaft Within bearing 
65. 

Referring noW to FIG. 6, shoWn is a tilting pad bearing 73 
Which may be used for bearings 47, 49 (FIG. 2). Tilting pad 
bearing 73 has four lobes. The four lobes of tilting pad 
bearing 73 are lobe 73a, lobe 73b, lobe 73c and lobe 73d. 
Each of the lobes is pivotally supported from an outer 
bearing housing 75 With members 77. Each lobe 73a—73d 
has a radius R, Which is greater than a radius of a circle 
circumscribed by the lobes. A shaft 79 is located betWeen 
lobes 73a, 73b, 73c and 73d and touches the lobes at their 
center points. Each of the lobes in the tilting pad bearing 73 
generates a pressure ?eld because the center of each lobe 
about radius R is not the center 81 of shaft 79. For example, 
it can be seen that the shaft center 81 is not the same as lobe 
center 83 of lobe 73a. Lobes 73a—73d are free to tilt or adjust 
about their respective members 77 to form pressure Wedges. 

In practice, plain sleeve bearings 57 (FIG. 4), Which are 
traditionally used in a submersible pump motor such as 
submersible pump motor 19 (FIGS. 1 and 2) are replaced 
With multi-lobed bearings, such as tri-lobed bearing 65 (FIG. 
5) or tilting pad bearing 73 (FIG. 6). When a multi-lobed 
bearing, such as tri-lobe bearing 65 or tilted pad bearing 73 
is used, pressure forces are developed from each of the 
lobes. The pressure forces tend to stabiliZe the shaft Within 
the bearing. The increased stability is due to the fact that the 
center of each of the lobes is not the same as the shaft center. 
The result is an increased stability of operation in a vertical 
unit utiliZing the multi-lobed bearings. 

The invention has several advantages. The reliability of 
submersible pumping motor units may be greatly increased 
by the use of dynamic stability bearings. By replacing the 
plain sleeve bearings Within the motor With dynamically 
stable bearings such as multi-lobed bearings, vibration is 
reduced. 

Although the invention has been shoWn in only one of its 
forms, it should be apparent to those skilled in the art that it 
is not so limited, but is susceptible to change Without 

4 
departing from the scope of the invention. For example, 
other accepted bearing types include a lemon bore bearing or 
a pocket bearing so long as the bearing is of a type having 
symmetrical bearing surfaces, Which have a different radius 

5 than the shaft. Furthermore, although only the motor of an 
electrical submersible pump is shoWn, dynamically stable 
bearings may also be used in centrifugal pumps and seal 
sections of an electrical submersible pump assembly. 
What is claimed is: 
1. An electrical submersible pump assembly for use in a 

Well, comprising in combination: 
10 

an electrical motor having a lubricant-?lled housing, a 
rotor and a stator; 

a centrifugal pump having a plurality of pump stages 
Within a housing; 

a seal section connected betWeen the pump and the motor 
for sealing Well ?uid from the motor and for reducing 
a pressure differential betWeen the lubricant in the 
motor and the ?uid in the Wellbore; 

a shaft extending through the motor, seal section and 
pump for driving the pump; and 

a plurality of bearings in the motor, seal section and pump 
for stabiliZing the shaft, at least one of the bearings in 
the motor being immersed in the lubricant in the motor 
and having bearing surfaces comprising a plurality of 
lobes mounted symmetrically about the shaft, each of 
the lobes being a curved surface that faces the shaft, 
and having center of curvature offset from a center of 
said shaft. 

2. The submersible pump according to claim 1 Wherein 
said at least one of bearings comprise three of the lobes. 

3. The submersible pump according to claim 1 Wherein 
said at least one of the bearings is a tilted pad bearing, 
Wherein the lobes comprise independently pivotable pads. 

4. The submersible pump motor according to claim 1 
Wherein said at least one of the bearings is positioned Within 
the stator and rotor assembly, having an outer periphery 
engaging an inner diameter of the stator and an inner 
periphery supported by the shaft. 

5. The submersible pump motor according to claim 1 
Wherein said at least one of the bearings are located in the 
seal section. 

6. The submersible pump according to claim 1 Wherein 
said lobes have a radius greater than a radius of the shaft. 

7. An electrical submersible pump motor for use in a Well, 
comprising: 

an electrical motor having a lubricant ?lled housing, a 
rotor and a stator, the stator having a plurality of 
magnetic laminations, each having a central opening 
de?ning an inner diameter for the stator; 

a shaft extending through the motor; and 
a plurality of bearing in the motor for radially stabiliZing 

the shaft in the housing of the motor, at least one of the 
bearings being immersed in the lubricant betWeen 
opposite ends of the stator, having an inner portion 
supported by the shaft and an outer portion frictionally 
engaging the inner diameter of the stator, said at lest 
one of the bearings having multiple lobes, each of the 
lobes mounted symmetrically about the shaft, having a 
radius greater than a radius of the shaft and having a 
center of curvature offset from a center of said shaft. 

8. The submersible pump according to claim 7 Wherein 
said at least one of the bearings is a tilted pad bearing, 

65 Wherein the lobes comprise independently pivotable pads. 
9. The submersible pump motor according to claim 7, 

Wherein said plurality of bearing includes an upper bearing 
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located above the stator and a lower bearing located beloW 
the stator, said upper and loWer bearings being immersed in 
said lubricant Within said housing, and Wherein said upper 
and loWer bearings have multiple lobes, each of the lobes of 
the upper and loWer bearings having a radius greater than a 
radius of the shaft and having a center of curvature offset 
from a center of said shaft. 

10. An electrical submersible pump assembly for use in a 
Well, comprising in combination: 

an electrical motor having a lubricant-?lled housing, a 
rotor and a stator, the stator having a plurality of 
magnetic laminations, each having an inner diameter; 

a centrifugal pump having a plurality of pump stages 
Within a housing; 

a seal section connected betWeen the pump and motor for 
sealing Well ?uid from the motor and for reducing a 
pressure differential betWeen the lubricant in the motor 
and the ?uid in the Wellbore; 

a shaft extending through the motor, seal section and 
pump for driving the pump; and 

a plurality of bearing in the seal section and the pump for 
radially stabiliZing the shaft; 

upper, intermediate and loWer bearings being in the motor 
for radially stabiliZing the shaft, each of the upper, 

10 

15 

6 
intermediate and the loWer bearing being immersed in 
the lubricant in the motor the intermediate bearing in 
the motor being located betWeen upper and loWer ends 
of the stator With an inner portion supported by the 
shaft and an outer portion frictionally engaging the 
inner diameters of some of the laminations, the upper, 
intermediate and loWer bearing in the motor having 
bearing surfaces comprising a plurality of lobes 
mounted symmetrically about the shaft, each of the 
lobes being a curved surface that faces the shaft, having 
a radius greater than a radius of the shaft and having 
center of curvature offset from a center of said shaft. 

11. The submersible pump assembly according to claim 
10 Wherein at least one of the bearing in the pump has 
bearing surfaces comprising a plurality of lobes mounted 
symmetrically about the shaft, each of the lobes of the said 
at least one of the bearings in the pump being a curved 
surface that faces the shaft, and has a center of curvature 
offset from a center of said shaft. 

12. The submersible pump assembly according to claim 
10 Wherein the lobes of the upper, intermediate and loWer 
bearings of the motor are independently pivotal pads. 

* * * * * 
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